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The present invention relate**? m m-*-*,^ ^ 

heWs disease <AD> ^ f0r » re ^ting Alz- 

Amyloia-B peptide (AS) olavs a fm ,„, , . 

- ^.s disease ^ ^ZZZTlT 

Fa^Ual £0™ f^° 1O0y ° f disease" PNAS 90 = 10836). 

^TaTLid ^ S6aSe ^ bSen 1±nted to stations in 

cne amyloid precursor protein (at>v\ m, . 

Bisease-linXed mutations tt " S^TT" T 
auction of <->.<=» 4 , , . genes result in increased pro- 

^ ;::dir t 4 i:z7oZVz « r e , pe r ide ,as42k -** is 

diqMea , . tOUnd ln the amyloid plaques of Alzheimer's 
disease. An animal modeO <-i ^ • ej - mer s 

able. The PDAPP tLnc . S6aSe ±S comm ^cially avail- 

::Lr es et ai 19951 : ^^js^rr t - 

transgenic mice overexpressing V717P ft 3fflvln ^ 

Nature 373:523) G-amyloid precursor protein 

wfat:^^ 6 : I'" 1 ' ~"' vaccine 

wit. «xr r ::~ c animais were i — 1 ~ 

thologies (6 weeks) or IT? ?f ""^ ° f AD - tlTe «urppa- 

of young ani JL p L:L"d" : T m ° nthS> = I 

400=173) The m*™ Pathology xn the PDAPP mouse" Nature 

nis„« Lluding ^c l ar % SUbSSWSntly r - 0 ™ 4 * ™^ -cha- 
2000- "Perinhe^r T * ta «W»^» <Bard et al 

e cent ^al nervous system and reduce Mhhni • 

a mouse mode*! ,. xeauce pathology m 

QE a i 7 ^^imer^i^as^^NafeHr-e-Med-6~94-6-) n- 

»r P i::i a i so 31316 to ^ — ^ -i-i*. t^rr^r^ 

P^gues in a'Zer^ 1 ^ behavi ° u ^ impairment and 

Plaques ln a model of Alzheimer's disease- Nature 408 = 979). 
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A highly promising immunization therapy for AD h„. x 

cal trials since late looo t . era P y £or AD has been in clini- 

the immune system to at *"T"" ion *• ~ -* to trigger 

from the affected ^^1^ T ^"f 

denying neeas to be ^^iT^T ™- 

Home Products (therapeutic partner, American 

Phase X trials were successor 116 * N ~ 1792 ' 0321 " 3< « U ™ S > • 
als W ere hegun ^ate ^ ***** " 

with mild to moderate AD. e£flc ^ » » Panel of patients 

ubie pro b iemn: : re Merr» , pa " ents <Eattoriai 2002 

meningoencephalitis J^T^S^JT^ 

wide trials . in the ««*.«,♦- aCe nalt of these world- 

in many immunothprsni ao * 4. • ponse a rxsk inherent 

anticipated ^rriSSTLTSTtT **" ^ ^ 
tigenic determine* • which of course bears an- 

recently ~ J" product. More 

sated *L immun^tion T^""^ ° n tb " Mture ° f ^re- 

revealing :?z:^T™zr es an ^ - 

amino acid 4 and 10 of Mtf^TST" * ^ *"-*» between 
able to block AB fibrili™. ' mCmSe ffitaoai * "are 

fibers < McL aur^ « ^ "* ""^^ AS 
ies against amyloid-£ oeot M ^ maBmM ^V effective antibod- 

inhibit cyto^city anTfT-^ rSSidUeS 4 ~ 10 «- 

note mlV fibrxllogenesis" Nature Med 8-1263) nf 

f ^ s :r7 «* — »P exposed on'thf 

of the pre=ur S ": ^ocTet T 2 Z7T ^ >«*~^ t 
cific for S-amyloid bv vLo ! "Generation of antibodies spe- 
disease- Nature Med S^TT °* A1 * ei » er 
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pal long-term potenttac^ Potently Inhibit hippocam- 

Potential new strate" Tune ™°" 416 ' 535 >- «"»• - 

taining S-amyloid ^o "cit ^"te^f 3 °° n - 
Deepite unknown efficacy thi^ * " * lnStead ot asgregated AS42) . 
problems since patients shall Z T™ 7" £aCe «*«*—• 

ear B cell, e^itop^ ^ iDmUni2ed * 



way for cutting ». However the- " ^ mOSt Pr0miSln 

prevents and new strategic in Tvacc • "~* ** *~ 

a vaccine should not induce IZ^ZllT^TllttT ~* 

Therefore, the present invention provides the use nf 
comprising the following anu.no acL sequence^ C °"' P ° Una 

XiX 2 X 3 X 4 XsX 6 , 

wherein x, is a natural au.ino acid, except of K and c 

X, is a natural amino acid, except of K and c 

X, is a natural amino acid, except of K and c. 

X. is a natural amino acid, except of K and c 

X, u a natural amino acid, except of K and c, 

X. « a natural amino acid, except of P. K and c 

and wherein IASxas is not daeprh 

binding capacity to an antTtLT^' .«"•«»* having a 

terminal AS42 seguence" £££ V ^ f ° r *- 

tor Alzheimer's disease ^T' ^ Prep ~ ati - «* a vaccine. 

~;Lra 9 ^LT~ vention ** 4242 *• — «- 

antibodies agflnst^ Zl ZTZl^T ^ Pr ° aUCti ° n ° f 
^e-ma^e^de^^^^!^ " 3 " the *»• The mimo- 

cially available. peptioHib^^^ " fah ° < ^ " d (co - er - 
al. 2002= -Identlfi!^ ^""es (e.g. according to Reineke et 

topes from T^^V^ZS^ ^ ^ 

Y or b520 randomly generated sequences" 



>n 



amino-terminal aspartic acid f Afferent A£ species with 

Scribed in *JL£c^ ^J^L^r* 1S 
Processing and AE 42 deposition in . I ^ Precursor protein 
Alzheimer disease- ^ 94^550^ ! 'f^ 9 ^ mous * ^ of 
Proven to be an idJ^Tf 9 *- 1550) • Such an antibody has been 

in the courts" ^ pretL ° ™*°~<*W "-topes 

antibodies were ^JZZT^Z. ?"* 

enter^ntraTn el^^ZTrZ^ ^ 

-dei of Mshew disease^:" r rir 0 u 9 c r 6 rt: lo3y ia a mouse 

bave never been proposed to h- / 6.916), these antibodies 

isoiating ad vacci::::^ as mimot °* e — «« 

occurring p^ 1 ^T!-"" C ~ « « «- naturally 

clinical trials t!'" T M Peptide ^ccine 

deed. T c ll ipi^p" ZZt iUe ^ events. Xn- 

strj „^ epitope prediction programs (BXMAS for class 1 ™, 
stricted epitopes and tepitope tor class Il-restr^ ^ 
propose high score (selfi . restricted epitopes) 

could imply tha!^ e P"°Pas within the sequence. This 

«ne reac Ln^bicn ^^""T ^ ~ *» t0 aUt ° i - 
aeneral application 3 V3CClne —""able for a 

auto^^ccions^r 011168 Pr ° POSed * ^ — « 
a vaccine conta^ r^ETL^^ 

*» and the J^.^T^ 1 ^"^- *~ — i Z e 
daeprh (= original «,< , . he ^"derived amino acid sequence 

add, thus i t Z a Zt TJoZ? a free amin ° te ™ inai aS »«"= 

a monoclonal or polyclonal ant ^ W ' ** 

Polyclonal antibody preparation or any antibody 
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tihL° r ^ riVative thereof - ^ only prerequisite is that the an 
tnat L""* SPSCifica11 * -copses the daefrh epitope ^ I 

Ttte ZllT t0 ^ MtUral Prolong fo™ 

at least loo™ ^ " 3t leaSt 100 times ' Preferably 

ILl T 1 ' ""° re preferred at least 10« times, higher 

STsaL or fh-T^ 18 - ""to* "* bS - antibody sho^ng 

th» Tv. ! g lndlng capacity ^ the daefrh sequence as 
the antibody described by Johnson-Wood et al 1997 

: cYrrr 0 r£ a b iower ~* 

al antih 1 , ^ ° aPaCity ° f the Johnson-wood et 

ferred ^ *" hi9her capacity *- -re pre- 

antiboo!er S f r COrain9 *° * PreSent inVSnti °» to those 

antrbodxes wxth comparable specificity as the daeprh sequence. 

Preferably, the compound to be used according to the present in 

~o C rT iSeS 01 13 COnSlStln9 ° £ 3 ~ 
X 2 is I, L, V or A, 
X 3 is D or E, 
X 4 is Y, 

X 5 is H, K or R and 
X 6 is R or K, 

Dy^ 0i n"™! IDYHR ' ELDVHE ' EVDYBE ' D ™ PVB.HR, DI- 

DYRR, DLDYRR or DVDYRR. 

^sr^'S'Tr' accorain9 to the «- a 

ProvS ln tL ^ " a ° idS - 11113 C °"~ be 

prodded » the vaccrne in isolated (peptide) form or may be cou- 
pled <e.g covalantly coupled or completed, to other molecules 
such as pharmaceutical carrier substances or polypeptide ^nid 
or carbohydrate structures. Polypeptide, lipid 

J^!^:-! h ;. PharmaCeUtiCa1 ^ stable carrier is M . ^ 
^^^^^imBr-m ^ KLuL.O^. j! ,B:5 BI T7-or^ F - 





A vaccine comprising the present compound (mimotope) and the 
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SSST * ^ a ° CePtable CMrier °* Ministered by any 

^ atX ° nm0de ' i - V - intranasal, 

^1^7' etC " • — ine contains the 

naToTo aCC ° rdlnS t0 6116 resent invention in an amount of 0,1 
ng to 10 preferably 10 ng to 100 ug. especially 100 ng to 

ZZ * ltS ™ tiv ^y 1 to 1 umole. preferably 1 

pmole to 1 nmole, especially 10 pmole to 100 pa.de. Ihe vaccine 

According to another aspect, the present invention further re- 
being sne c-f 6th f ^ iS ° latlng * co ^°nnd binding to an antibody 

ooZisina IT T S N - teCTinal ™> ^ence basfbh 

comprising the steps of 

- providing a peptide compound library comprising peptides 
contaxnxng the following amino acid sequence 

X1X2X3X4X5X6, 

wherein Xl is a natural amino acid, except of K and C 

X 2 is a natural amino acid, except of K and C 

X 3 is a natural amino acid, except of K and c' 

X< is a natural amino acid, except of K and C 

X 5 xs a natural amino acid, except of K and c' 

X 6 is a natural amino acid, except of p, k and C 

and wherein X1X2X3X4X5X6 is not Daefrh, 

- contacting said peptide library' with said antibody and 

s _ aid antx^ thOSS ° f ^ WhlCh ^ *° 

Such a method has been proven to be successful for providing A* 
numotopes according to the present invention. 

sairiSrlrv"^ ±U ind -idualised form in 

saxd Ixbrary, especxally immobilised on a solid surface, such as 
e.g. possxble with the multipi^ peptide technology. The library 
"de 3 ell? Pr ° Vided ^ 3 PePtidS miX — - d the" tibody ptp!" 

^T^Z!7^ isolated after ntiMsr binding - 

txvely, the antibody may be immobilised and the peptide library 
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w hen b0 un d t o . peptide of tJtlZ^ sT^T :p T i6B co ™ lex 

W iS^^-^ ******* ~-u-J 
ug figures, of oourse without being restricted thereto. 




EXAMPLES : 



the B-ter-inue) N-terminu. (free aepartic acia at 

Mice are vaccinated with the 6mer peptide daefrh ,„„,. , 
minal A642 sequence) linked to the proteL vf ^ 
BSA (to make use of the haote! 7 protein "™« serum albumin 
(first injection) ' " L^™"'"'") , emulsified in CFA 
specific ZI Tl Foster injections). DAEFRH-peptide- 

ral N-te^lVpro 1 lgeTlon ateS> " S *™°™*" 

^-derived sequence ^ Tu'sVL^"^ 3 ' C ° ntaining ^ 
tide: hybridomas r „™ m - • negative control pep- 

because the^not dSin" 9 T>, Pr0l0nEre<1 B * t±<to «" e * Cluded 
with free aspart" acid at^ » ^ * M2 "«« rt '- P^ptidas 
^KB^witho^tJ::^! h8 . ^ termlnUS "* ^arived Peptide 




2.= Construction of Peptide libraries t 
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aspartic acid. taotSr M^of SPSCieS Wlth amino-terminal 
™— Peptide 13 e — available as MUL- 

able peptides which re^aiT"^^ Pln " bOUnd < n — ca- 

tion phase peptides (those ^! k t0 P±a) ^ solu " 

surface) can be product L ^ CleaVed °" «*• 

-Xtipia synthesis syscl^p ^T.lZT^ " ^ 

screening of large nuntoers of^ept^s " SyDthesis and 

Cleaved controls are assessed or purrcy^ 0 ^ 01 

.and peptide content quantitat^K * reverse £*ase HPI.C 

-d negative non-cieavSie ToTtX^ 

ELISA techniques. controls are assessed by standard 

cycli Z ation. ^ol^ttrp^e n^r^^^- 1 " 1 - - 
lyophilized powders . (cleaved) peptides are shipped as 

For the production of so).im ». 

of C-ter^inal endings includ " a 

intended peptide applied ^eT "* dePSndin9 ° n «- 

onto the pin surface TtlZ' Cleavable bond is incorporated 

the c-terannal a^no'acia or I t "T*"* SSt " derivative of 
tides with acid or LIZ 7 ° - 1 * linke r. Pep- 

«- pin-bound ^IZtlTtZ^llT 2? ^ * ^ 
synthesis are a nominal 1 ml , ^"ns for the scale of 

such as hydrophob^ and" Lavage' ^ """""^ ^ 

tide recovery, such that «,! efficiency will affect pep- 

1 microbe (around itg of ! °* EePtide 

a img of a isner peptide, when the peptides are 
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synt h es lzed on the noninal 1 mUaemam 

Lie slle PSPtidSS SyntheSi - d °" «- ^ »ioro! 

antibody epitope scarn^™ „ useful for the purposes of 

is T tiy eab ** z --^r c i r^srs proce - 
~ ssLirsir rr r ids - 

suit S sucl fLTZl I T peptldes be rankea - - *- 
adds SS^LZLi 7"*"' of L - amino acids with d — 

ni pu late ^"^^nr" 1 approaoh to - 

is also a rapid way to di , ° 3 peptlde - ">athod 

zoological properties « T ^ 303:1093 With ^"a^ent phar- 
creased stabmty *" antag ° nists *» d P*t±*. with in- 

ternative procedures f or ™ Multxpxn approach, several al- 

no W possi b L/Th e ri n olude PP - Il9 K SeWJential « e 
Peptides coated directlv^nto S ° 1Uti ° n phase 

Paptides captured T2rTt tlT^T "* bi ^^ 

-addi^^ ■ "°trter plates previously coated with 

ng peptide libraries, however, any antibody 
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(precursor) protein app) T^T COn5>lete Wloid 

et al.. 1997 SUCh 38 e - 9 ' Scribed by Johnson-wood 

™ree libraries have been constructed for this purpose: 

3.1.. library 1, This finer library contains peptides with 
followxng essences (arcino acid positions 1 IT S) 

-sition 1, all natural aa except or D, K, and c ,17 possibili- 
PosUion 2, all natural aa except or *. K, and c ,17 possibili- 
Position 3: ai i natural aa axcept Qf B r ^ c poasibui _ 

Position 4: all natural aa except of F, K, and c <17 possibili- 
Position 5= all natural aa except of R, K, and c ,17 possibili- 
S:, 5! natUral M «~ " <* *< C and P ,1 6 possl . 

included. The fixture 1 ai "<*<** amino acids (see below) are 

res, sr^r z rsr ^ 

aspartxc acid at the specific position 1, 
alanine at the specific position 2, 
glutamic acid at the specific position 3, 
Phenylalanine at the specific position 4 
arginine at the specific position 5, and 
hxstidine at the specific position 6. 

^^^^^ ° n A — —ynthe- 
0.25 nunol Pr ° tocol < *«h a synthesis scale of 

The synthesis starts with weighing 1 of all desired ^ 
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acxds (ammo groups and side chains protected) T ».n 
of Asn, Gin, Gly, i le , Leu , Met, Pro Sel lZ' 1 ™ 
Produced. Position-specific thl ^ ' Val Was 

Ala, Glu, Phe Arg llT tr, ' ■ I f ° ll0Wlng «c±d. are added: 

/ me, Arg, His (position/mixture 1) 

Asp, Glu, Phe, Arg, His (position/mixture 2)' 
Asp, Ala, Phe, Arg, His (position/mixture 3)' 
Asp, Ala, Glu, Arg, His (position/mixture 4)' 

tZ' Al=' T' (POSitio ^-ture 5,! and 

Asp, Ala, Glu, Phe Arg (position/mixture 6) . 

Mixture 6 was used to load the resin to 

resin, 1.49 mmol/g, Alexis Germ^ ^"^oro-trxtylchloride 
1 mmol amino acid residue mixture 6 
611 mg resin (=0.91 mmol reactive groups) 
X5 - ml - dichloromethahe " 



5.5 equivalent = 5 rmol diisopropylethylamine (871 m>. 

resil Z ^lZTll 1 : !~ additi0nal 10 *• loaded 

— 1*. dic^o^elane is WaShSd tWiCS With 

weigh-out quantity is 737 mg. erni ^ht xn a hxgh vacuum. The 

mixture is centrifuLf ™ T ty ° £ reSin - <*■ 

extinction = 7^",^ T™' ^ c °a«icient of 

is 0.49 „ 1/g ' 1)1 • ^oordxngly. the density of the resin 

-sin _ used ^rr H*^ 8 "': « 

are used in 4-times excess) £ i'l ' """" ^ "» ixt ^ 

is cleaved at the InTZ ll' ~- terminal *>= Protective group 
nol and drvin„ ^ S *» thesi *- After washing with etha- 

is acco.plThL Z^^T^^^^^ 01 ^ 1 ^ 
centrated in a speed Vaf to 1/5 T ' "* S ° 1Uti ° n " C ° n - 
washed in ^ e tLTLl\yZ^ - 
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exa^ie 1 a^ """^ Produced aC cording to 

2.2. s Library 2: This 6mer libra™ ™«4-=- 

following se<wenc es (am ino Ziti^X SIT" ^ ^ 
Position is D (fixed) 

Position 3= ail natursl aa ^ Qf A< R ^ c ^ 
Position 3: all natur.l aa except of B, K, .nd c U7 possibili- 
Position 4: all n.tur.1 aa except of P . K, and c ,17 possibili- 
Position 5= all ^ aa ^ of R> K _ ^ c 

Position 6= all natural aa except of H K c o 

bilities) . ' ' 311,1 p < 16 Possi- 

T^Z^Z'^T- T' ^ DVDYHR " e — ^ *°* 

1. above. ".onoclonel antibody produced according to 

approach"!' ine ^ * USed in - 

original sequence a2d T This lib ™^ ^ains the 

closely rel«S to T " d6teCtio11 ° £ ™i-otopes rcore 
ej-y reieted to the origin a l epitope. 

IZltiZ l: Ill ZT*l aa m of K - 3113 c (is ™i tlas , 

Position i Li " ^ ° f K ' — «= <« Possibilities 

Position 4: S naturel !» ^ °* *' ° P°-^ilities, 

Position 5= S natural aa aT^ ° f K ' "* ° X""*""^, 

natural aa except of K, and c (18 possibilities) 
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Position 6: all natural aa exceot of tc n 

ties) . except of K/ c, and P (17 possibili- 

1. < D stStS: rrn: jess r*"s accorain * to 

the original epitope) . Position 5 are identical with 

Franc! " COm " erCia11 * mailable from Mimotopes Ltd "ari! 
France; see manufacturer's guidelines! ™x / • <">«■«. 

TraTEBa-naTSSar'iTFi^ T iSp- ^signed according 

e natural N-terminal AS42 sequence DAEFRH 



Position 1: D (fixed) 
-entiles; 11 MtUral amln0 ~ «* * - C <18 differ- 

^tidea 311 natUral «* * - C ,18 differ- 

ZltZLT 1 0atUral SCidS — «= «* * - C ,18 differ- 

ZIZZLT 1 natUral ^ aCidS «* " - C ,18 differ- 

-fpttidesK 1 natUral ^ a ° ide ~ * <* * - C ,18 differ-' 

quence of the A£42 m tl ' " ^ 8 ° Me the ori ^ — 

candidate peptJoe ^T^tSE"^* 11 ^ ~ 
capacity to a DAEFRH-binding antih^ ^ * 

2 .5. « blisa with peptide libraries* 

*~ Xhe c^eLa^~abi e : ^2^^ f ""° C - ChemiS - 
according to the manufacturer's Si-l^^'j^TS. 
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www.mimotopes.com). The 90 peptides ar* r *. . 

Pin. P Prides are C-terminally linked to a 

The ELISA with each of. the peptide librae . * 

out following standard protocols llbrariSS We be *» carried 

t^^ml 1 ^ 18 diSS ° 1Ved in 10 ° % -0 C«-l concentra- 
te IZt'T solution is further ***** - ^S. 

The pepta.de mixture is coated overnight (4 «r> „ 

- it: nrr: irrr- 20 <o - i% ™ ■ 

s sr are ^ 3? t r: — 

- r:: ^i~:Lir Bt ^ taviain - — . 
™: pi 1 ":: r wasw 5x times with »>/*--. 

ne P la tes are incubated with abtq 4. „ ^ /0 „ 
min) and the reaction il . 2 ° 2 (0 ' 1 % w/v; 10 fc ° 45 

ev^:r ;:r«:r " 5 c ^ ic acia — * 
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Claims : 



1- °se of a compound comprising the following amino acid se- 



quence 

XiX 2 X 3 X4X s X 6 , 



TZT ; * MtUral aCid ' of K and c, 

X, rs a natural amino acid, except of K and c, 

X, u a natural amino acid, except of K and c 

X. rs a natural amino acid, except of K and c 

Xs xs a natural amino acid, except of K and c 

*is a natural amino acid, except of P, k and c, 

and wherexn X^x,*.^ is not daefrh, saia COII|pouna 

"-^^^•^^^^^ 
for Alzheimer's disease^' Preparati °* ° f - -ccine 

-X-i xs E or D, 

Xa is I, L, V or A, 

X 3 is D or E, 

X< is Y, 

X 5 is H, K or r and 
X 6 is R or K, 

^ll^TtZ™. — — • — - DVDYHR, DI . 

3. Use according to claim 1 or 2 charart-^ ^ • _n. 

Pound is a polypeptide Arising .f 11^^^' 

taat Z IZ^lTcZZ** ^ 1 " 3 — rised is 
carrier, preLablv X • Pharmaceutical^ acceptable 

thereof 1 ' alumlni ™ hydroxide, or mixtures 

preferably ^ tTloHTf " ~, J"""' ° f '* S ° " 
ng to 100 (ig, especially 100 ng to 10 W . 
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6. Method for isolating a compound binding to an antih^ * • 
specific for the natural w f« • -> antibody being 

e natural N- terminal A£42 sequence DAEPRh „™ • 
ing the steps of 4 ce u ah;frh compris- 



XiX 2 X 3 X4X5X 6 , 



wherein X, is a Natural amino acid, except of K and C, 

X 2 is a natural amino acid, except of K and c, 

X 3 is a natural amino acid, except of k and C, 

X< is a natural amino acid, except of K and c, 

Xs is a natural amino acid, except of K and C 

X* is a natural amino acid, except of P, K and C, 

and wherein XxX 2 X 3 X 4 x s x 6 is not DAEFRH 

- is^ati'nrr 1 " PSPtide W±th Sald and 

said ZlToZ "~ ° f ^ PSPtide lib ^ ^ "~ to 

7 Method according to claim 6, characterised in that said net, 

c alL a Il^: id 1 ^ ^ in said lib^r, ^ !" 

ciaiiy immobilised on a solid surface. 

or isolLio^ I \ su ^able marker which allows its detection 
or isolation when bound to a peptide of the library. 



Summary: 
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X1X2X3X4X5X6, 

wherein Xl is a natural amino acid, except of K and C 

X 2 is a natural amino acid, except of k and C, 

Xa is a natural amino acid, except of K and C 

X. is a natural amino acid, except of k and C 

Xs is a natural amino acid, except of K and c' 

X 6 is a natural amino acid, except of p, k and C, 

SdS^ ^ X ^_ is -^^^..said compound having a 

tergal ^TJT "* ^ ^^'^ '^ ~ 

termxnal AS42 sequence DAEFRH, for the preparation of a vaccine 
for Alzheimer's disease (AD). vaccine 




J. O O O C V O u v 

*b © o * o oooo < 

"oo © o o oo < 

6 D OC O O OO 



1 alanine ala 

2 arginine arg 

3 asparagine asn 

4 aspartic acid asp 

5 cysteine cys 

6 glutamine gin 

7 glutamic acid glu 

8 glycine gly 

9 histidine his 

10 isoleuclne ile 

1 1 leucine leu 

12 lysine lys 

13 methionine met 

14 phenylalanine phe 

15 proline pro 

16 serine ser 

17 threonine thr 

18 tryptophan trp 

19 tyrosine tyr 

20 valine val 
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